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TISSUE REPAIR SYSTEM 
BACKGROUND 

This invention relates to tissue fixation devices and methods for tissue repair. 

Fibrous tissues, such as ligaments and tendons, can detach from bone. The 
detachment can be repaired using sutures. It is known to fix a fibrous tissue to bone by 
inserting a suture anchor through the fibrous tissue and into the bone and knotting suture 
attached to the anchor to tie down the fibrous tissue to the bone. Tying suture knots in 
minimally invasive surgical procedures commonly requires a skilled surgeon and/or 
specialized equipment. 

SUMMARY 

According to one aspect of the invention, a bone anchor includes an anchor body 
configured to be retained within bone and to selectively restrict movement of a flexible 
member coupled to the bone anchor such that after implantation, the flexible member can be 
moved through the anchor body in a first direction while, without the aid of an enlarged 
portion on the flexible member, e.g., a knot, movement in a second, opposite direction can be 
restricted. 

Embodiments of this aspect of the invention may include one or more of the 
following features. The bone anchor includes a restrictor configured to engage the flexible 
member to selectively restrict movement of the flexible member. The restrictor is configured 
to engage the flexible member at a substantially arbitrary position along a length of the 
flexible member. The anchor body defines an opening through which the flexible member 
can be moved, and the restrictor is configured to engage the flexible member to selectively 
restrict passage of the flexible member through the opening. The restrictor defines at least a 
part of the opening, for example, a narrower portion of the opening than another portion of 
the opening. 

In an illustrated embodiment, the restrictor includes a sloped surface configured to 
compress the flexible member to permit passage of the flexible member through the opening, 
and opposing edges for engaging the flexible member to limit passage of the flexible member 
through the opening. 
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The bone anchor includes a second restrictor configured to engage the flexible 
member to selectively restrict passage of the flexible member through the opening. The 
restrictors are oppositely directed. 

The anchor body includes a pair of legs, a bone-engaging ridge for retaining the bone 
anchor in a bone hole, and a post about which the flexible member is positionable. The 
anchor body is a unitary body. 

According to another aspect of the invention, a tissue repair system includes a first 
anchor body including a member that engages bone to retain the anchor within the bone and a 
second anchor body including a member that engages bone to retain the anchor within the 
bone. The anchor bodies each define an opening for receiving suture and a restrictor forming 
a one-way passage through the opening. The anchor bodies are coupled by a suture 
extending through the one-way passages. 

According to another aspect of the invention, a bone anchor includes an anchor body 
configured to be retained within bone and to receive a flexible member such that after 
implantation of the anchor body within bone, the flexible member can be moved through the 
anchor body while, without the aid of an enlarged portion on the flexible member, 
subsequent movement of the anchor body can be restricted. 

According to another aspect of the invention, a tissue repair system includes a flexible 
member, and first and second bone anchors coupled together by the flexible member. Each 
bone anchor includes an anchor body configured to be retained within bone. At least one of 
the bone anchors is configured to receive the flexible member such that the flexible member 
can be pulled to shorten a length of the flexible member between the bone anchors, while, 
without the aid of an enlarged portion on the flexible member, subsequent lengthening of the 
flexible member between the bone anchors can be restricted. 

According to another aspect of the invention, a bone anchor includes an anchor body 
configured to be retained within bone. The anchor body defines a one-way passage 
configured to pass a suture in a first direction and restrict passage of the suture in a second 
direction opposite the first direction. 

According to another aspect of the invention, a bone anchor includes an anchor body 
configured to be retained within bone. The anchor body includes a restrictor defining an 
opening having a first portion for permitting passage of a member therethrough, and a second 


portion restricting passage of the member therethrough without the aid of an enlarged portion 
on the member. 

According to another aspect of the invention, a method includes placing an anchor in 
bone, moving a flexible member through the anchor in a first direction, and restricting 
movement of the flexible member through the anchor in a second, opposite direction. 

Embodiments of this aspect of the invention may include placing a second anchor in 
bone. The second anchor is coupled to the first anchor by the flexible member. The step of 
moving the flexible member in the first direction shortens a length of the flexible member 
between the anchors. 

According to another aspect of the invention, a bone anchor includes an anchor body 
configured to be retained within bone. The anchor body includes a restrictor defining an 
opening having a first portion for permitting passage of a member therethrough, and a second 
portion restricting passage of the member therethrough. The member is movable between the 
first and second portions in a direction non-parallel to a direction of passage of the member 
through the opening. 

Embodiments of this aspect of the invention may include one or more of the 

following features. 

The restrictor includes one or more edges lining a wall of the opening. The edge is 
oriented obliquely to a direction of passage of the member through the opening. Some of the 
edges are oriented at the same oblique angle relative to the direction of passage of the 
member through the opening, and some of the edges are oriented parallel to each other. 

A dimension of the second portion is narrower than a diameter of the member. The 
opening is triangular in shape. The anchor is configured such that the member is movable 
between the first and second portions substantially perpendicularly to a direction of passage 
of the member through the opening. 

In an illustrated embodiment, the anchor body includes a tissue penetrating tip, and a 
central body member with a driver coupling. The anchor body includes one or more resilient 
members with sharp, proximal edges for penetrating bone tissue. The anchor body is a 
unitary body. 

According to another aspect of the invention, a tissue repair system includes a first 
bone anchor with an anchor body configured to be retained within bone, and a second bone 


anchor with an anchor body configured to be retained within bone. A flexible member 
couples the first and second bone anchors. At least one of the first and second anchor bodies 
includes a restrictor defining an opening having a first portion for passage of the flexible 
member therethrough, and a second portion limiting passage of the flexible member 
therethrough. The flexible member is movable between the first and second portions in a 
direction non-parallel to a direction of passage of the member through the opening. 

According to another aspect of the invention, a bone anchor includes an anchor body 
configured to be retained within bone. The anchor body includes a restrictor defining an 
opening for passage of a member therethrough. The restrictor includes an edge lining a wall 
of the opening oriented such that upon movement of the member through the opening in a 
first direction, the member is also moved non-parallel to the first direction. 

Embodiments of this aspect of the invention may include the edge being oriented 
such that upon movement of the member through the opening in a second direction opposite 
the first direction, the member is also moved non-parallel to the second direction. The 
restrictor includes a second edge lining a wall of the opening. The second edge is oriented 
such that upon movement of the member through the opening in a second direction opposite 
the first direction, the member is also moved non-parallel to the second direction. 

According to another aspect of the invention, a method includes placing an anchor in 
bone and moving a member between first and second portions of an opening in the anchor in 
a direction non-parallel to a direction of passage of the member through the opening. 

Embodiments of this aspect of the invention may include one or more of the 
following features. 

The method includes engaging the member with an edge lining the opening. Moving 
the member to the second portion includes moving the member in a direction substantially 
perpendicular to a direction moved by the member through the first portion. A second 
anchor coupled to the first anchor by the member is placed in the bone. 

Advantages of the invention may include permitting surgeons with varying skill 
levels to straightforwardly reattach tissue to bone in open or closed surgical procedures. The 
surgeon is able to fix a fibrous tissue to bone using an appropriate tension simply by pulling a 
suture received by the bone anchor in a first direction. Since the bone anchors of the present 


invention limit subsequent movement of the suture in the opposite direction, the surgeon is 
able to easily select the appropriate tension. 

The details of one or more embodiments of the invention are set forth in the accompa- 
nying drawings and the description below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagrammatic illustration of a system for reattaching fibrous tissue to 

bone; 

FIG. 2A is a perspective view of a bone anchor; 

FIGS. 2B and 2C are side views of the bone anchor of FIG. 2A; 

FIGS. 2D is a cross-sectional view of the bone anchor of FIG. 2 A taken along lines 

2D-2D of FIGS. 2B and 2C; 

FIGS. 2E and 2F are respectively top and bottom views of the bone anchor of FIG. 

2A; 

FIG. 3 A is a perspective view of an alternative embodiment of a bone anchor; 
FIGS. 3B and 3C are side views of the bone anchor of FIG. 3 A; 
FIG. 3D is a cross-sectional view of the bone anchor of FIG. 3 A taken along lines 
3D-3D of FIGS. 3B and 3C; 

FIGS. 3E and 3F are respectively top and bottom views of the of the bone anchor of 

FIG. 3A; 

FIG. 3G is another perspective view of the bone anchor of FIG. 3A; 

FIG. 4A is a perspective view of another alternative embodiment of a bone anchor; 

FIG. 4B is a side view of the bone anchor of FIG. 4 A; 

FIG. 4C is a cross-sectional side view of the bone anchor of FIG. 4A taken along 
lines 4C-4C of FIG. 4B; 

FIG. 4D is another side view of the bone anchor of FIG. 4A; 

FIG. 4E is a cross-sectional side view of the bone anchor of FIG. 4A taken along lines 
4E-4E of FIG. 4D; 

FIG. 4F is another side view of the bone anchor of FIG. 4 A; 


FIG. 4G is a cross-sectional side view of the bone anchor of FIG. 4A taken along 
lines 4G-4G of FIG. 4F; 

FIG. 5 is a cross-sectional side view of the bone anchor of FIG. 4A shown with a 

suture coupled thereto; and 

FIG. 6 illustrates the bone anchor of FIG. 4A in use. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a tissue repair system 8 for attaching soft tissue 22, e.g., tendon, 
ligament, or cartilage, to bone 20 includes a flexible member, e.g., suture 10, coupled to first 
and second bone anchors 16, 18. Suture 10 includes contiguous suture portions 10a, 10b and 
10c. In use, bone anchors 16, 18 are located within holes 11, 13 in bone 20, with first suture 
portion 10a extending from bone anchor 16 through a hole 30 in tissue 22 to a first suture end 
6, second suture portion 10b spanning between bone anchors 16, 18 and lying along an outer 
surface 23 of tissue 22, and third suture portion 10c extending from bone anchor 18 through a 
hole 32 in tissue 22 to a second suture end 7. 

Bone anchors 16, 18 each include a first engagement system 17 through which suture 
10 is threaded. After implantation in bone 20, the physician pulls on one or both of the ends 
6, 7 of suture 10 to shorten the length of suture portion 10b, thus securing tissue 22 against 
bone 20. Engagement systems 17, discussed further below, couple suture 10 to bone anchors 
16, 18 and limit possible loosening of tissue repair system 8 following tissue securement. 

Referring to FIG. 2 A, bone anchors 16, 18 each have a flat, distal tip 15 and a pair of 
legs 3 1, 33 extending proximally from tip 15 to a proximal end 26. Legs 3 1, 33 are generally 
part-circular in shape (FIG. 2E) with a region of increased outer diameter defined by a series 
of radial ridges (here three ridges 19a, 19b, 19c shown) that engage bone tissue to resist the 
withdrawal of the anchor from the bone hole. Each ridge 19a, 19b, 19c has a sloped distal 
face 2, a proximal face 3 that is substantially normal to the long axis, X, of bone anchors 16, 
18, and a bone engaging edge 4 (FIG. 2B) defined at the intersection of faces 2 and 3. 

Engagement system 17 includes a pair of restrictor cleats 40, 50 at the proximal end 
26 of legs 3 1, 33. Legs 3 1, 33 have inner walls 31a, 33a (FIG. 2B), respectively, that define a 
slot opening 35 therebetween extending from proximal end 26 to a distal chamber 60. 
Located within chamber 60 is a winding post 62. The open sides of slot opening 35 provide 
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easy access to winding post 62 to aid in threading suture 10 around post 62, though the sides 
need not be open. Cleats 40, 50 act to selectively restrict passage of suture 10 through 
opening 35, as described further below. 

As shown in FIG. 2D, winding post 62 extends into chamber 60 from a wall 61 at a 
back side 16b of anchor 16. Winding post 62 and wall 61 are tapered inwardly toward distal 
tip 15 to provide a smooth, tapered distal portion. Chamber 60 circumscribes winding post 
62, and is open at a front side 16a of the bone anchor to aid in threading suture 10 through 
anchor 16. Suture 10 is threaded through anchor 16 such that the suture passes through cleat 
50 and opening 35, into interior chamber 60 and around winding post 62, then through 
opening 35 and cleat 40. Winding post 62 contacts and retains suture 10 within interior 
chamber 60, and is of sufficient mechanical strength to withstand tension applied to suture 
10. 

Referring to FIGS. 2B and 2C, cleat 40 is formed by an opposing pair of protrusions 
40a having proximal faces 42, 44 that define a narrower portion 35a of channel 35 
therebetween, and distal faces 46, 48 that define a wider, sloped portion 35b of channel 35 
therebetween. Cleat 50 is oriented opposite of cleat 40 with an opposing pair of protrusions 
50a having distal faces 52, 54 that define a narrower portion 35c of channel 35 therebetween, 
and proximal faces 56, 58 that define a wider, sloped portion 35d of channel 35 
therebetween. Proximal faces 42, 44 have opposing edges 43, 45 (defined by the proximal 
corners of faces 42, 44), and distal faces 52, 54 have opposing edges 53, 55 (defined by the 
distal corners of faces 52, 54). Each opposing pair of edges 43, 45 and 53, 55 is separated by 
a separation distance that is substantially equal to or smaller than the diameter of suture 10. 

Movement of suture 10 through sloped portions 35b, 35d of cleats 40, 50 acts to 
compress the suture such that the suture can pass through narrower portions 35a, 35c, 
respectively, when pulled in the direction of arrow 70 (FIG. 1). However, loosening of suture 
10 (passage of suture 10 through the cleats in a direction opposite arrow 70) is limited by 
opposing edges 43, 45 and 53, 55 catching on uncompressed suture 10 such that the suture 
does not pass through the cleats. In effect, cleats 40, 50 form a one-way passage. 

Referring again to FIG. 1, suture 10 is threaded through anchors 16 and 18 such that 
from suture end 6, suture portion 10a passes through cleat 40 in anchor 16 to post 62, suture 
portion 10b extends from post 62 through cleat 50 in anchor 16, then through cleat 50 in 


anchor 1 8, to post 62, and suture portion 10c extends from post 62 through cleat 40 in anchor 
18 to suture end 7. This permits the suture to pass through the cleats (with the sloped 
portions of the cleats compressing the suture such that the suture can pass through the narrow 
portions of the cleats) when ends 6, 7 are pulled in the directions of arrows 70, 72, 
respectively, to shorten suture length 10b, but resists passage through the cleats (by the 
opposing edges of the cleats catching on uncompressed suture) when a load tending to 
lengthen suture length 10b is placed on the suture. 

In use, the operator implants first and second bone anchors 16, 18 into, e.g., a 
predrilled hole in bone 20 through tissue 22 (and an overlaying cartilage layer, if present) by, 
e.g., applying a compressive or torsional load to members 16, 18 as appropriate. The 
operator then draws one or both ends 6, 7 of suture portions 10a, 10c in the direction of 
arrows 70, 72 to shorten the length of suture portion 10b between first and second bone 
anchors 16, 18. Suture portion 10b draws tissue 22 toward bone 20. The anchors can be 
supplied to the operator with suture 10 prethreaded to through anchors 16, 18, or the operator 
can thread suture 10 through the anchors. 

When suture portion 10b is sufficiently taut, the operator releases and/or cuts the free 
ends of the suture extending from the soft tissue. Although, during healing, a patient may 
apply forces that tend to draw tissue 22 away from bone 20, engagement systems 17 resist 
the lengthening of suture portion 10b. In particular, cleats 40, 50 restrict passage of the 
suture portion 10c in the direction opposite to arrow 72 and suture portion 10a in the 
direction opposite to arrow 70. Moreover, cleats 40, 50 engage and restrict the passage of 
suture 10 at a substantially arbitrary position along the length of suture 10. In other words, 
there is no need, e.g., to clamp suture 10 with another member, or have an enlarged portion 
such as a knot in suture 10 to restrict the passage of suture 10 through the cleats. Cleats 40, 
50 thus selectively restricts movement of suture 10 by allowing the passage of suture 10 
through the cleats in a first direction while subsequent passage of suture 10 in a second, 
opposite direction is restricted. 

Other embodiments are within the scope of the following claims. For example, 
referring to FIGS. 3 A-3F, particularly to FIGS. 3A and 3D, rather than a post 62 extending 
from a side wall, an alternate bone anchor 67 includes a central member 120 with side posts 
112a, 112b located in chamber 60. Side posts 112a, 112b taper inwardly to provide a smooth, 
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tapered distal portion. The outer dimension of side posts 112a, 112b is less than the diameter 
of chamber 60 such that channels 110a, 110b, respectively, are formed about side posts 112a, 
112b, while the outer diameter of central member 120 is equal to the diameter of chamber 60. 
Posts 112a, 112b and central member 120 defines a transverse passage 87 (FIG. 3G) for 
passage of suture from channel 110a to 110b. Side posts 112a, 112b have a half-moon shape 
such that a circular suture passage 87 is formed. Other side posts shapes are possible. Suture 
10 passes through cleat 40 to channel 35, to channel 110a and around post 112a to passage 
87, through passage 87, to channel 110b around post 112b to channel 35, and through cleat 
50. 

Referring to FIG. 4 A, a bone anchor 200 includes a central member 230, a distal tip 
215, and a series of proximally extending, radial wings 219a, 219b, 219c, 219d surrounding 
central member 230. Central member 230 includes a restrictor in the form of a suture 
guiding through channel 235 that selectively restricts passage of suture therethrough, as 
described below. Distal tip 215 is conical in shape and has a tissue penetrating point 215a. 
Radial wings 219a, 219b, 219c, 219d are joined at a distal end 221 of the wings to a proximal 
end 216 of distal tip 215, and resiliently flare outwardly from central member 230 in a 
proximal direction. Each wing has a sharp proximal edge 219a f , 219b', 219c', 219d' for 
digging into bone tissue to resist withdrawal of anchor 200 from the bone. Wings 219a, 
219b, 219c, 21 9d are inwardly deformable toward central member 230 in response to radial 
compression, such as during insertion into a generally circular opening or hole in bone 
formed, e.g., by insertion of distal tip 215 into the bone. Central member 230 defines a 
proximal opening 240 for receiving a drive tool, not shown, for pounding anchor 200 into 
bone. 

Referring to FIGS. 4B-4G, suture guiding channel 235 has a generally triangular 
cross-section with a proximal apex 225, a distal base face 227, and a pair of side faces 228a, 
228b. Side faces 228a, 228b converge proximally forming a distal portion 237 of channel 
235 that is wider than the diameter of the suture, such that the suture can pass freely 
therethrough, and a proximal restricting portion 239 of channel 235 that is narrower than the 
suture diameter to restrict passage of the suture therethrough. Referring particularly to FIGS. 
4C and 4E, base face 227 follows an arcuate path through central member 230, as does apex 
225 at the intersection of side faces 228a, 228b. As illustrated, the radius of curvature of the 


path of apex 225 though central member 230 is approximately equal to one half the diameter 
of central member 230. The curvature of apex 225 presents an atraumatic surface for the 
suture to rest against when pulled taught, as discussed below. 

Side faces 228a, 228b are each lined by a series of grooves 250a, 250b, 250c, 250d. 
Though four grooves are shown, one or more grooves can be employed. As illustrated, 
grooves 250a, 250b, 250c, 250d are relatively uniformly oriented with respect to base face 
237 and apex 225 of channel 235 such that the grooves have the same oblique angle relative 
to a suture passing through channel 235, as shown in Fig. 5. Each groove 250a-250d has a 
first edge 253a-253d, respectively, and a second edge 254a-254d, respectively, oriented 
generally parallel to the respective first edge and obliquely relative to the passage of suture 
10 through channel 235. 

Edges 253a-253d and 254a-254d, along with the shape of channel 235, act to permit 
suture to be pulled in a first direction while limiting movement of the suture in a second 
opposite direction. Referring to FIGS. 4C and 5 A, when suture 10 is pulled in the direction 
of arrow 11, contact of suture 10 with edges 253a-253d pushes suture 10 in a direction non- 
parallel to the direction of travel of suture 10 through channel 235. The action of edges 
253a-253d upon suture 10 moves suture 10 toward base face 227 into distal channel portion 
237, allowing suture 10 to pass through channel 235. When suture 10 is pulled in the 
direction of arrow 12, contact of suture 10 with edges 254a-254d pushes suture 10 in a 
direction non-parallel to the direction of travel of suture 10 through channel 235. The action 
of edges 254a-254d upon suture 10 moves suture 10 toward apex 225 into proximal 
restricting portion 239, which acts to compress suture 10 and restrict passage of suture 10 
through channel 235. 

Referring to FIG. 6, one or more anchors 200 with suture 10 prethreaded through 
channel 235 can be deployed through tissue 300 into bone 302. During deployment, wings 
219a-219d are initially compressed as they pass through cortical bone, and then expand into 
the cancellous bone to retain anchors 200 in the bone. By moving suture 10 in the direction 
of arrow 11, the length of suture between two anchors 200 can be shortened, pulling suture 
10 taught, while any tendency of the suture to loosen is limited by movement of suture 10 
into proximal restricting portion 239 of channel 235 in response to tension applied to suture 
10 in the direction of arrow 12. Suture guiding channel 235 and edges 253a-253d and 254a- 
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254d in anchor 200 thus selectively restricts movement of suture 10 by allowing the passage 
of suture 10 through portion 237 of channel 235 in a first direction, while restricting 
subsequent passage of suture 10 in a second, opposite direction by engaging suture 10 in 
apex 225 at a substantially arbitrary position along the length of the suture 10, without the 
need for an enlarged portion such as a knot in the suture. 

Further alternative embodiments are within the scope of the claims. For example, a 
single bone anchor can be used, or the suture can be fixed to a first anchor and coupled to a 
second anchor configured to selectively restrict movement of the suture, as described above. 
A bone anchor can include only one or more than two cleats. Suture 10 can couple more 
than two bone anchors in a tissue repair system. Any of a number of different geometries 
and/or types of bone anchors as described in, e.g., U.S. Patent Nos.: 5,224,946 to Hayhurst et 
al, 5,236,455 to Hayhurst et al., and 5,100,417 to Cerier et al. ? the contents of all of which 
are incorporated herein by reference in their entirety, can be modified to include means 
according to the invention for selectively restricting passage of suture. Winding posts and 
side posts can be replaced by any of a number of different structures that contact the suture 
and retain it in the bone anchor, including eyelets, bosses, etc. Edges can be formed by 
ridges protruding from the side walls. 
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